INTRODUCTION
The wild boar (Sus scrofa L.) is considered as an invasive species introduced in many parts of the world and as an environmental pest not only because carrying parasitic infections but also because of its destructive behaviour moving in herds, digging for foot and wallowing to maintain body's integrity (Lowe et al. 2000) ; on the other hand the taxon is listed by the IUCN Red List Category & Criteria as least concern (LC) needing at local level conservation actions against habitat destruction and hunting pressure (Oliver, Leus 2008) .
The wild boar occurs throughout the steppe and broadleaved forest regions, worldwide ranging from the Mount Atlas and the extreme south-west of Spain to the Pacific and the islands of Hokkaido, Honshu and Taiwan. To the north, the distribution area stretches beyond the 60° parallel, while to the south it reaches the Indian subcontinent (Olive, Leus 2008) . The distribution of wild boar was relatively limited until the end of the Second World War (Boitani et al. 2003) , but the populations of this species have increased substantially throughout Europe since the 1960s (Sàez-Royuela, Tellerìa 1986; Apollonio et al. 1988 ). Albeit at varying intensity, his range continue to increase in France (Boisaubert 1997) , Luxemburg (Schley et al. 1998) , Spain (Leránoz, Castién 1996; Markina 1998; Rosell 1998) and Italy (Marsan et al. 1990 ). This expansion in Italy is mainly due to human agency for recreational hunting purposes, to the extent that it is not currently possible to quantify the presence of wild boar in the country (Boitani et al. 2003) . As omnivores wild pigs have broad dietary habit with a preference for vegetables and consume different parts of the plants according to the season (Boitani et al. 2003; Giménez-Anaya et al. 2008) . Wild boar prefer to graze at dusk and night and those that inhabit woods dig up even hard and rocky ground in search of roots, truffles or bulbs (Fozzer 1981; .
The wild boar is without doubt the ungulate that has the greatest impact on human socio-economic activities in Italy, being the largest hunt-able mammal in the country. On the other hand, its often artificial commonness and ability to eat almost all types of agricultural crop have led to serious conflict with the classic agricultural sector (Kristiansson 1985; Boitani et al. 2003; Herrero et al. 2006) .
Another important source of income are the non-wood forests products and among fungi, bolets and truffles, are the most appreciated. Consequently the management of natural and cultivated grounds of truffle can be seen as an important agriculture alternative, particularly in the Mediterranean region, and is in Italy in continuous expansion and evolution (Bencivenga et al. 2005; Donnini et al. 2013) . The consumption of fresh and preserved truffles has increased significantly in recent years, while production in natural truffle grounds has decreased due to intense harvesting, the modification of ecosystems, the abandonment of the countryside (Bencivenga et al. 2005) . Various research have been undergone and projects are still in progress in order to describe sustainable action plans for safeguard and increment the fruiting of mycorrhizal fungi, with a particular emphasis on truffles (Donnini et al. 2013) . To underline that truffle growers, thanks to personal observations, locally just apply some managements. So for instance they slightly turn-over the soil around productive trees in Tuber melanosporum cultivations in order to increase the fruiting bodies collection. Recent research demonstrate through a specific real-time PCR assay that this action significantly increase the quantity of mycelium of T. magnatum in natural truffieres (Iotti et al. 2012) .
Tuscany is without doubt a region with a strong tradition in truffle producing. This has always and almost exclusively concerned the famous white truffle (Tuber magnatum Pico), although operators in the sector have recently shown great interest also in less valued species. The species commonly known as the whitish truffle (Tuber borchii Vittad.), the summer truffle (Tuber aestivum Vittad.) and the Burgundy truffle (Tuber uncinatum Chatin) are now seen as territorial resources to be promoted or recovered, also from the point of view of their natural production environments (Gardin 2005; Salerni et al. 2006 Salerni et al. , 2010 . Among this truffles T. aestivum results with an extreme adaptability to climatic changes especially variations in temperature, by bringing forward or delaying the maturation of fruit bodies (Wedén et al. 2004; Hall et al. 2007 ). This adaptability is also reflected in its distribution, which in Italy ranges from north to south, including the two main islands (Granetti et al. 2005 ) and within Europe involves both typically Mediterranean countries (Spain, France, Greece, etc.) and those situated further north, such as Scotland, England and Sweden (Stecchi 1994; Wedén et al. 2004; Granetti et al. 2005) .
In this context the work presented here, part of a series of projects evaluating some environmental parameters and the presence of truffles, seeks to evaluate the impact of wild boar on the presence of fruiting body of Tuber aestivum in a natural truffle ground of Monte Amiata.
MATERIALS AND METHODS
Study area. The natural truffle ground studied is situated on Monte Amiata, the highest mountain in southern Tuscany, in the municipality of Castell'Azzara (province of Grosseto), at an altitude of approximately 1.000 m (Geographic coordinates: 4°73'42.25''N; 71°25'27''E). From the vegetational survey the most common tree species results Quercus cerris L., while the underwood includes shrubs such as Crataegus monogyna Jacq., Euonymus europaeus L., Rosa arvensis Hudson and Prunus spinosa L., and common in the herbaceous layer are Alliaria petiolata (Bieb.) Cavara & Grande, Geranium robertianum L. and Smyrnium perfoliatum L. The area is characterized by a submediterranean climate with July and August as hottest months (mean temperature over 24°C) and February usually as coldest one (4.3°C). The most abundant rains are recorded in late autumn (November and December) with an average of 200mm, while June and July are the driest one, with only 10mm of rain. The study area lies on various geological substrates composed of alternating limestones, calcarenites and marly limestones. The soil depth is generally shallow to moderate and texture varies from loam to clay loam. While most of the pedological parameters measured agree with those observed in other Tuscan truffle grounds (Gardin 2005) and in central Italy in general (Granetti et al. 2005 ), the soil reaction, which according to some authors (Bratek et al. 2001; Tanfulli et al. 2001; Gardin 2005; Granetti et al. 2005; etc.) should be neutral or weakly basic for the production of T. aestivum, varies considerably from pH 4.5 to 6.6. Sampling design. Within this area an experimental design was realized in order to check the possibility of applying the BACI (Before-After-Control-Impact) sampling designs. Specifically, over a period ranging more than one year, we tested whether the area was sufficiently homogeneous to apply a randomized selection of plots to subsequently be fenced off. Following this, 10 plots of 1000 m 2 each were staked out on the ground using coloured posts; half of these plots have been fenced in the 2007 spring, in order to prevent the access of the wild boars.
Data collection. The presence of wild boar was evaluated monthly, from May 2006 till November 2008, by estimating the surface area turned over according to the following scale: 1 (surface area turned over between 1%-25%); 2 (surface area turned over between 26%-50%); 3 (surface area turned over between 51%-75%); 4 (surface area turned over between 76%-100%).
Thanks to the collaboration of truffle hunters and trained dogs fruiting bodies of T. aestivum were collected every 10 days in periods of fungal production (JuneNovember 2006 (JuneNovember -2008 and their frequency and weight was annotated.
Statistical analyses. Significance (P<0.05) of differences between open and fenced samples was checked by ANOVA, using Tukey's pairwise comparison. Normality was checked using Shapiro-Wilks test. In addition, for the ANOVA test, the homogeneity of variance was checked using Levene test. Table 1 shows the quantitative estimate of the impact of wild boar in the 10 plots observed, both prior to and after fencing, which was carried out in May 2007. Before the introduction of fenced areas, the zone was commonly frequented by wild boar. In fact, the estimated soil destruction was equivalent to or greater than 75% in all plots with the exception of plot 6 (Tab. 1). During the year of observation the presence changes, being more in July and the autumnal months. This two peach maybe assigned to different activities, the first more due to wallowing in order to refresh the body the second to digging searching food. After fencing the impact of wild bear increased strongly in the open plots, while the fencing resulted to be well done with a complete absence in closed plots. The period of grazing and moving around becomes a little bit longer and in the summer 2008 three months of activity of the wild boar were recorded. To note the nearly constant presence of Sus scrofa in plot 7 and simultaneously the decrease in plot 9, maybe the fencing of some plots have changed the route of the herds in movement. Despite the killing permitted by the Provincial Administration, the presence of wild boar in the study area remains relatively high, also in the months in which T. aestivum fructifies. A total of 951 fruiting bodies weighting approximately 12 kg were collected in the ten plots and there was a significant increase in production over the three-year period: while 60 (1207 g) truffles were found in 2006 prior to fencing, there were an important change the years after reaching 207 (2496 g) and 684 (8258 g) in 2007 and 2008 respectively (Tab. 2) . The only slight increase in 2007 is partially dependent on the action done to border half of the plots, in fact one year after fencing the truffle recording was higher. To note moreover that nearly 2/3 in number of fruiting bodies and half in biomass was harvested in the fenced plots.
RESULTS AND DISCUSSION
It is quite difficult to find comparable data on the productivity of natural truffle grounds, especially because truffle growers are reluctant to provide such information. However, comparison between the productivity of this truffle ground and that of cultivated or controlled Tuber melanosporum (black truffle) grounds reveals that ours is relatively low. The annual production of Tuber melanosporum in Italy is estimated to be around 50kg/ha (Bencivenga, Di Massimo 2000) , while in Spain it is 15-50 kg/ha (Carbajo 2000) and in France it is over 110 kg/ha (Chevalier, Frochot 1997) . The truffle ground in the study area, in contrast, produced only 12 kg/ha.
An ANOVA test was performed to determine whether production (number of truffle and total weight) varied in the plots fenced in comparison to the open ones. The data, compared to the initial situation, show how the absence of wild boar in the fenced areas influences the production (number of truffle and total weight) of Tuber aestivum (Tab. 3). A post hoc Tukey's test was conducted to determine which averages were different. The result showed that the production of truffle (number and 
CONCLUSIONS
The aim of this experimental project was to evaluate the impact of wild boar on the presence of fruiting bodies of Tuber aestivum in natural truffle grounds. Although this type of study requires longer monitoring periods, some conclusions can already be drawn after three years. Even if regular slight soil tillage seems to be favourable to hypogeous fungi (Ławrynowicz et al. 2006) and is used by truffle growers, it was demonstrated that the activities of trampeling in herds, digging and wallowing by the wild boar has a negative influence on the fruiting bodies production. On the other hand in fenced areas, where the grazing of wild boar results prohibited, a large increase was observed. Finally from the point of view of an alternative agriculture, defending some truffle growing zones from the presence of this ungulate means also an economic increase. 
